Abstract-
INTRODUCTION
Prostate cancer is one of the leading causes of death from cancer in men [1] . Magnetic Resonance Imaging (MRI) combined with MR spectroscopy is the modality of choice for the diagnosis, staging and follow-up of prostate disease. Segmentation of these images is needed for acquiring diagnostic information, but to reconstruct a compact geometric representation is difficult. Some of the reasons are [2] : i) anatomical location, ii) tissue boundary similar to surrounding tissue, iii) smeared tissue boundaries because of patient movement and iv) low SNR.
As indicated by Venugopal et al [3] , the use of an endorectal coil helps on establishing evidence of extracapsular extension in prostate cancer, particularly if it incorporates MR spectroscopic imaging. The endorectal coil is a wire coil inserted through a small plastic tube into the rectum as part of a MRI exam to obtain more detailed images of the prostate gland after inflation.
Recently, different approaches have been proposed for segmenting the prostate region in MRI. Zwiggelaar et al. employed a semi-automatic polar transform based method using a scale space ridge detection assuming a circular shape for the prostate [4] . Tsai et al [2] tried to segment the prostate using a shape based approach. They derive a parametric model for the segmenting curve by applying principal component analysis to a collection of signed distance representations of the training set. Freedman et al [5] applied another approach which relies on learned shapes and appearance models by comparing the probability distribution between the model and the image. Accurate segmentation has not been achieved yet and a complete automatic method is still a research topic.
The algorithm presented here is based on orientation information obtained from the MRI that is used to calculate the direction of a tracing curve. The location of four points within the low intensity pixels that surrounds the prostate region are defined by the user a priori and this information is used together with the prior knowledge of the shape of the object to define the trajectory of a 3x3 mask that will trace the channel formed by the low intensity pixels mentioned above. Examples of two images and the tracing of the prostate obtained using the proposed algorithm are shown in Fig. 1 .
The paper is organized as follows. Section 2 describes the methodology used. Section 3 shows the results obtained using the proposed method. Section 4 presents the conclusions and future work.
METHODOLOGY A. Image Normalization
The first step in the proposed approach is the normalization of the data to a desired mean M o and variance VAR 0 . The main purpose of this is to reduce the variations in gray-level values which in turn helps the segmentation process for the rest of the orientation definition steps [6] .
A gray-level prostate MR image I, is defined as an NxN matrix, where I(x,y) represents the intensity of the pixel at the x th row and y th column. The mean and variance of the gray level prostate image I are defined as: (2) respectively. If G(x,y) denotes the normalized gray-level value at pixel (x,y), then the normalized image is defined as:
where M and VAR are the original mean and variance of the image. For each individual pixel, if the related intensity is greater than the desired mean, we use plus in (3), otherwise minus. The orientation image is an invariant feature with respect to the contrast exhibit at different locations within the MRI. This is a desirable feature in our application because the endorectal coil offers greater contrast mostly at the area close to it. 
B. Calculation of the Orientation Image
The orientation image represents an intrinsic property of the prostate image and defines invariant coordinates for ridges and valleys in a local neighborhood. The direction of maximum rate of change as a function of (x,y) is given by the angle:
where g xx , g yy , and g xy are the autocorrelation data for the image gradients in x, the autocorrelation data for the image gradients in y, and the correlation data for the image gradients between x and y respectively [7] . Due to the presence of noise and corrupted ridges and valleys, the estimated local ridge orientation may not always be correct. The use of a low-pass filter can modify the incorrect local ridge orientation by converting the orientation image into a continuous vector field. Finally, a fairly smooth orientation field estimates corresponding to each pixel can be obtained [6] . Fig. 2 shows an example of the orientation image obtained using this algorithm. Within the surrounding region of the prostate, the local direction of the region was calculated using the average of the values obtained using Eq. 4 for blocks of sizes 3x3 as indicated in Fig 3. At this point, the method needs four locations at the channel that surrounds the prostate as indicated in Fig. 4 . The location of the center of the prostate -calculated based on these four points -defines four quadrants within the prostate area as can be seen in the same Fig. 4 . Fig. 2 . Orientation image of the prostate in axial MRI views (block-wise), for both deflated (top) and inflated (bottom) cases. Fig. 3 . The average of the direction of the edges is used for calculating the next position of the mask that traces the prostate boundary. Fig. 4 . A pictorial description of the concepts of starting point, input points and quadrants. The highlighted dark area corresponds to the path being followed by the 3x3 mask.
C. Tracing the Prostate Boundary
The main idea of the method is to trace the channel surrounding the prostate based on the information obtained from the orientation image using a 3x3 mask. The estimation for the next position of this mask is simply a 2D average of the different pixel orientations. Based on the result of this estimation and using the prior knowledge of the shape of the curve in each quadrant as explained next, the center of the mask can be transferred to 12 different new positions. The right interpretation of the direction of movement in each area is very important. For example, an angle of -45 on quadrants one and three (please refer to Fig. 4) has two different interpretations. If the estimation of this angle happens in quadrant one, the movement must take a North-East direction. Otherwise the direction of the mask must be SouthWest in quadrant three. The center point location is the one that is used for the determination of the right quadrant when compared to the current mask location. A flow chart of the proposed approach can be seen in Fig. 8 .
RESULTS
The images used consisted on 2 MRI volumes with 19 slices each. All images were obtained using inflated and deflated endorectal coils. The image sizes are 512x512 pixels, each slice thickness is 3.5 mm with spacing between slices of 3.9 mm.
To quantify the accuracy of the segmentation, we measured the overlap between the segmented prostate areas defined by manual segmentation and the semi-automatic segmentation approach. The metric used to do this is based on the Dice Similarity Coefficient (DSC) [8] :
where a stands for the area correctly classified as the prostate, b for the area incorrectly classified as the prostate and c for the area incorrectly classified as background. Figs. 5 and 6 show an image indicating the areas covered by these parameters. For DSC=1 there is perfect overlap and for DSC=0 there is zero overlap between the annotated and semi-automatically segmented region. Manual segmentation of the prostate was provided by an expert radiologist. For both axial examples shown in Fig. 1 , these anatomical boundaries can be found in Fig. 7 .
As can be seen in Fig. 7 , the general shape of the semiautomatic and manual segmentation is similar. However, it seems that the semi-automatic segmentation approach overestimates the extent of the prostate, but the amount of overestimation is not consistent along the boundary of the prostate. In Fig. 9 the comparisons between the manual and semi-automatic segmentations for the entire image set are summarized. According to our results, the DSC average and variance of the data set with the deflated endorectal coil are 0.8856 and 0.0041 respectively; and for the other data set with an inflated endorectal coil are 0.9057 and 0.0014. Thus, the inflated set was segmented with more accuracy.
CONCLUSIONS
This method is computationally efficient. Having chosen the four initial input points, it does not take more than 5 seconds for the segmentation process to be done using MATLAB and an Intel Pentium 4, 2.8 GHz PC platform. The traced boundaries are one pixel wide. In some of the first slices, because of the closeness of some organs like the rectum and the smearing of pixels around the boundary of the prostate, these slices were generally more challenging to segment. For future work, we would like to incorporate a flexible boundary that the expert can modify with the use of the computer mouse. Thus, this approach can save time by defining a good estimation of the prostate boundary that the radiologist can further modify to correct any discrepancies between the segmentation done by the algorithm and the expert's opinion. Obtain four inputs from the user as indicated in Fig. 4 Start tracing from quadrant one Estimate the direction of the ridge based on the mean value of the orientations.
Update the quadrant position estimation.
Interpretation of the direction based on the quadrant location and the current trace position.
Move the mask in the appropriate direction.
Current position at quadrant one (after four), and distance of starting point close to current point?
End NO YES
